We have summarized here the astronomical knowledge of the ancient Hindu astronomers. This knowledge was accumulated from before 1500 B.C. up to around 1200 A.D. In Section II we have correlated terms used by the Hindu astronomers and their equivalents in modern astronomy. In Section III we have defined the different astronomical coordinate systems and their transformation relations. In Sections IV and V we have collected the main features of solar and lunar motions in terms of modern astronomical terminology. In Section VI we have given the names of the stars mentioned by the Hindu astronomers and their modern names with the present astronomical coordinates. In Section VII we have given a short survey of Indian history with emphasis to Hindu astronomy. In Sections VIII and IX we have given short descriptions of the main sources of Hindu astronomy. In Section X the important features of Hindu astronomy have been described. All through the article we have tried to present the content in tabular forms for ready and unambiguous perception.
I Introduction
Every civilization from the antiquity to the present time has been fascinated by astronomy, study of motion of the heavenly bodies across the sky. To-day astronomy has many tools of investigation: γ-ray, X-ray, ultraviolet, visible, infra-red, microwave and radio-wave radiations emanating from the heavenly bodies. This has opened up a horizon that was not available to the ancients. They only had the visible range of the spectrum. Their studies were thus restricted to what we now call positional astronomy and did not extend to investigations of the nature of these bodies. However, extensive data about positional astronomy exist in ancient Egyptian, Babylonian, Indian and Chinese records.
Here we have summarized the knowledge that ancient Hindu Astronomers had arrived at. The time span is from circa 1500 B.C. to 1200 A.D. This is a very long span of time. The technical terms used by these people have to be collated to present astronomical vocabularies. These data were collected at places distributed over a vast region of the earth. These facts complicate the process of evaluation of correctness of these data.
In Table 2 we have given the Sanskrit names of different astronomical terms and the corresponding technical names of present-day astronomy. In writing Sanskrit words in Roman letters of alphabet we have followed the rule of transliteration recommended by the International Alphabet of Sanskrit Transliteration (IAST) given in Table 1 .
In Section III we explain the different coordinate systems used to describe the position of the heavenly bodies on the Celestial Sphere. In Section IV we have described presentday knowledge of the motion of the sun and the moon, the two heavenly bodies most important to terrestrial beings. In Section V we have mentioned the different lunar and solar time periods that are of importance to astronomy. In Section VI we tabulate the fixed stars on the Celestial Sphere that were mentioned by Hindu Astronomers in their studies. In Section VII we describe the salient points of history of the Indians, their interaction with Western Asia. A map ( Figure 5 ) gives us the idea of the region that is of importance to the development of Hindu Astronomy. The Vedas and the Siddhāntas are the main texts that tell us about the range of knowledge of the Hindu astronomers. In Sections VIII and IX we describe the salient features of these sources. In Section X the principal features of Hindu astronomy over the ages are summarized. 
II Equivalence of Astronomical Terms
In all records of Hindu Astronomy we find mentions of different astronomical terms. These are given in Table 2 along with their modern equivalents. If we go through this table we find that the Hindu Astronomers had known the basic facts of positional astronomy regarding motion of the heavenly bodies through the Celestial Sphere, the different planes of motion of the sun and the moon, and the zodiac signs of the fixed stars.
III Coordinates describing an object X
In positional astronomy, motion of a heavenly body X is described in different coordinate systems. In ordinary 3-dimensional space with spherical symmetry, spherical polar coordinate system is the natural choice. On the Celestial Sphere, the real distance from the observer is not of any importance. Only the two angular coordinates fix the position of a body on the Celestial Sphere. This requires an azimuthal plane and a reference direction on this plane. For the coordinate of a place on the surface of the earth (Cartographic system) we take the terrestrial equatorial plane as the azimuthal plane and Greenwich's meridian supplies the starting position for measuring the azimuthal angle. The topocentric (Horizon) system is suitable for direct measurement by an observer on earth's surface. For this the local horizon plane supplies the azimuthal plane. The geocentric (Equatorial) system, which is independent of the observer's position on earth's surface, uses the Celestial Equator (the plane of intersection of the terrestrial equator with the Celestial Sphere) as the azimuthal plane. Description in terms of the geocentric coordinate system frees the observational data from the dependence on the position of the local observer on earth's surface. Figure 1 shows the topocentric and the geocentric coordinate systems. To describe the motion of the planets and the stars on the Celestial Sphere, rotational and non-uniform yearly motion of earth's motion around the sun has to be avoided. The heliocentric (Ecliptic) system takes Ecliptic (the plane of sun's motion on the Celestial Sphere) as the azimuthal plane. Figure 2 shows the heliocentric coordinate system. In Table 3 we have compared the 3 astronomical coordinate systems and the terrestrial cartographic system. The laws of transformation from one system to another are as follows:
Azimuth ψ 0 of a Star at setting (ζ = 0) is given by sin(ψ 0 − 90 • ) = sin δ/ cos φ. For the Sun at Summer Solstice (S.S.), δ = 23
• 30 ′ . Figure 1 Topocentric and Geocentric Coordinates. Υ has an involved retrograde motion with respect to the fixed stars. Its Celestial Longitude with respect to a given fixed star decreases by about 50 ′′ per year. In antiquity Υ was in the Constellation of Aries (Mes . a), but now Υ has moved to the Constellation of Pisces (Mīna). The fixed feature Q is taken to be the Vernal Equinox point, Υ. To people living on the surface of the earth, the sun and the moon are the two most important heavenly bodies. In Figure 3 we show our present-day knowledge of the motion of the earth around the sun throughout the year. This heliocentric picture was, however, not available to the people of antiquity. What they observed was the Ecliptic, the plane of solar motion on the Celestial Sphere, and the difference of speed of the sun along the Ecliptic at different seasons of the year. 
V Lunar and Solar Cycles
The two most important cyclic motions are the lunar and the solar cycles. They provide us with the two most easily observable time periods. Since actual periods are not exactly constant all through the year due to non-uniform motion of the earth around the sun, a number of different associated periods have been used by the astronomers. These are given in Table 4 .
X transits or culminates when the Meridian of X coincides with the Meridian of the Observer. Hindu astronomers determined transits of heavenly bodies by Gnomon (Sun-dial) and time was measured by Clepsydra (Water-clock). Names of different subdivisions of time given in Table 5 indicate the possibility that Hindu astronomers were able to measure these short time intervals. In fact in all treatises of Hindu Astronomy accurate directions for constructing water-clocks are given [7] . The unit of Muhūrta has a significance in astronomy. It is the time interval by which the time of moonrise is delayed on successive days.
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VI Stars and their positions
All astromical and ephemerical calculations are based on motion of the heavenly bodies with respect to the fixed stars on the Celestial Sphere. Hindu Astronomers also used the same convention. The Celestial Sphere is mentally divided in 27 divisions and each division is assigned to the most important star there. Out of these 27 stars 12 are selected to give the names of the months. Present-day Celestial Longitudes and Latitudes of these stars are given in Table 6 . Modern Astronomical names of these stars are also given. 
VII Summary of Indian History
Hindu Astronomy developed through about two thousand years and this development took place not at a fixed region. Parallel development of Astronomy also took place at Babylon and Alexandria. Figure 5 shows the part of the world and cities having importance in this historical development. Positions of modern cities near these ancient seats of astronomy are also shown.
A short summary of the History of India and her interaction with Western Asia is given in Table 7 . The earliest time in Indian History that is of importance from astronomical interest is the time of R . k-vedas. This is the oldest of all the Vedas (Section VIII) and astronomical references found here fixes its time (terminus ad quem) around 1500 B.C., when the Middle Kingdom of Egypt ended. The part of the Vedas known as Vedāṅga was compiled around 1200 B.C. when Egypt had the New Kingdom. 
VIII The Vedas
The earliest refernce to astronomical facts are found in the Vedas, the scripture of the Hindus. There are 4 Vedas, R . k, Sāma, Yajuh . and Atharva. Each of these Vedas are divided in 4 parts, Chanda (or Saṁhitā), Brāhman . a,Āran . yaka (or Upanis . ad) and Vedāṅga. Vedāṅga deals with Phonetics, Ritualistic literature, Grammar, Etymology, Metrics and Astronomy. The Saṁhitā part of R . k-veda has very scanty astronomical references. That of Yajuh . has slightly more references. The Vedāṅgas (particularly of the Kr . s . n . a or the Black Yajuh . -veda), on the other hand, has a full-fledged astronomy. The salient features of the Vedas are given in Table 8 . This shows the range of academic activities pursued by the ancient Indians. Table 8 The Vedas, their subdivisions and salient features. 
IX The Siddhāntas
Hindu astronomy gradually developed from the Vedāṅga jyotis . a to what are known as the Siddhāntas. There are 5 Siddhāntas: Paitāmaha, Vāśis . t . ha, Romaka, Pauliśa and Sūrya. The last one is the latest and the most developed. Texts of all the siddhāntas are not available, but Varāhamihira in the 6th century A.D. has described them in his Pañca-Siddhāntikā. Romaka and Pauliśa siddhāntas show influence of Babylonian and Egyptian astronomy. One of the earliest proponent of the Sūrya Siddhānta wasĀryabhat . a. But with time it was upgraded with accumulation of new knowledge. Solar, lunar and stellar motions were accurately described in this Siddhānta. A study of this Siddhānta shows that Hindu astronomers knew about precession of the Equinoxes, but they were lamentably unaware of the difference between the Sidereal and the Tropical years. This is not so amazing, since even European astronomers became aware of this difference only in the 17th century A.D. after Galileo, Kepler and Newton. The 5 Siddhāntas are summarized in Table 9 . In Table 10 In the R . k-Saṁhitā, scanty though the knowledge is, we find mentions of lunar asterism, some specific fixed stars, lunar zodiac, lunar year of 360 days and solar year of 366 days, 3 Seasons each of 4 months (Cāturmāsya) and a 5 year Yuga. It is interesting to note that in the list of Seasons, the Rainy Season was not mentioned. This is possibly because the Hindu astronomers did not come across this season at the place where they were studying astronomy. This indicates that they were located only in the extreme North-Western corner of the country (Taks . aśilā) and Afghanistan (Balkh). Sūrya Siddhānta has precise and logical definitions of the Lunar asterism, Tithi (Lunar Day), Solar Month, Tropical (Sāvana) year and the 6 Seasons (R . tu). The effect of the precession of the Equinoxes was also noted. 
XI Comments on Astrology
Unlike in Babylonian civilization, astrology had no place in Hindu astronomy. This is perhaps because of Gautama Buddha's strictures against astrological predictions of doom and disorder. This is found in the Buddhist scripture Dīgha Nikāya, Vol 1, p. 65, (Pali Text Book Society) Some brāhman . as andśraman . as earn their livelihood by taking to beastly professions and eating food brought to them out of fear. They say: "There will be a solar eclipse, a lunar eclipse, occultation of the stars, the sun and the moon will move in the correct direction, in the incorrect direction, the naks . atras will move in the correct path, in the incorrect path, there will be precipitation of meteors, burning of the cardinal directions (?), earthquakes, roar of heavenly war-drums, the sun, the moon and the stars will rise and set wrongly producing wide distress amongst all beings, etc. "
Kautilyīya Arthaśāstra also has the following stricture against astrological predictions. "The objective (≡ artha) eludes the foolish man (≡ bālam) who enquires too much from the stars. The objective should be the naks . atra of the objective, of what avail are the stars."
The practice of astrological prediction of human fate was perhaps imported from Babylonian civilization by theŚakas in the 1st century B.C. It is also to be noted that in the Hindu books of knowledge Astronomy was called Jyotis . a whereas Astrology was called Sāmudrika Jyotis . a. The epithet Sāmudrika indicates that this branch of knowledge came from beyond the boundaries of the country.
